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I. INTRODUCTION

At the request of Showa Denko, K.K., ENVIRON reviewed the available toxicology
data on methyl-3-methoxypropionate (MMP). The purpose of this review was to develop the
toxicity section of a material safety data sheet and to propose occupational exposurg limits
for this chemical. The data relied upon for this review were primarily provided by Showa
Denko K.K. A literature search was also conducted to identify any additional scientific
papers on the toxicity of MMP.

Section II of this report contains a review of the toxicity data on MMP. Section II
documents the derivation of proposed occupational exposure limits for MMP. Finally,
Appendix A contains a table that summarizes the toxicity studies on MMP that were
reviewed.
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I. REVIEW OF METHYL-3-METHOXYPROPIONATE TOXICITY

Toxicity data for methyl-3-methoxyproprionate (MMP) are

limited to several short-term

and less-than chronic duration exposure studies in laboratory animals. These studies are

presented in Table 1 and briefly summarized below.

A. Short-term Exposure

_—

Single-dose exposure studies indicate that MMP has very low acute toxicity by both
inhalation and oral exposure. High median lethal concentrations (LCsy) and median lethal
doses (LDso) have been reported in rodents. For inhalation, an LCs, (exposure duration not
reported) of 40 g/ m? has been reported for mice (RTECS 1993). In rats, the 6-hour LCy
was 2,776 ppm, about 13.4 g/m® (Kodak 1986b). Oral LDgs of 2,300 mg/kg and 4,900
mg/kg have been reported for mice and male rats, respectively (SDKK 1993).

Effects in the nervous system also have been reported in rats exposed to high doses of

MMP for short exposure durations. Signs of neurotoxicity included lethargy, defective

muscular coordination, and hindlimb weakness in.rats exposed to air concentrations of 1,900

ppm MMP and above or administered a single gavage dose of 5
Histopathology in rats orally dosed with MMP showed necrotic

g/kg (Kodak 1986a,b).
lesions in the spinal cord and

brain stem, suggesting that neurological effects may be secondary to decreased blood supply

and oxygen deficiency.

MMP caused iritation in two experimental animals when exposed by either inhalation,
oral administration, or direct contact to the skin or eyes. Rats exhibited partial closing of the
eyes and slow respiratory movements upon inhalation and increased salivation following a

single oral dose (HRC 1990a,b). In rabbits, direct contact resul

ted in mild skin irritation and

moderate to severe eye reactions, which were less severe and reversible when eyes were

rinsed with water (HRC 1990c,d,e).

B. Repeat Exposure

Effects observed in subchronic toxicity studies are similar to those reported in single-
dose, short-term exposure studies. Minimal effects in rats following inhalation for 6

hours/day for 10 days included eye irritation from 290 to 2,945

2-

ppm and respiratory
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irritation at 945 ppm and above (HRC 1991). Repeat exposure to rats for 6 hours/day, S
days/week for 4 weeks to 1,000 and 2,000 ppm MMP caused lethargy and respiratory
irritation (Kodak 1986d). Salivation was reported in rats administered 600 mg/kg/day MMP
for three months and in some rats treated with 200 mg/kg/day (SDKXK 1990).

C. Mutagenicity

MMP caused no reverse mutations in bacteria in the Ames assay or chromosomal
aberrations in Chinese hamster ovary (CHO) cells (HRC 1990f,g).
D. Reproductive and Developmental Toxicity

A preliminary reproductive toxicity study in which rats were exposed to 0, 100, 300, or
1,000 ppm for 6 hours/day during days 6 to 15 of pregnancy indicated slight maternal
toxicity at all doses (slightly lower mean body weight gain and increased water consumption)
and a slight reduction in mean fetal body weight at 1,000 ppm (HRC 1991b). An increased
incidence of fetal skeletal anomalies (lumbar ribs) was reported at all doses.

Potential developmental toxicity also was investigated in rats exposed to 0, 5, 50, or
500 ppm for 6 hours day from days 6 to 15 of pregnancy (HRC 1993). No significant
adverse effects were noted in rats treated with 50 ppm or below. Only hair loss, red/brown
facial staining, and a suggested increase in water intake were observed in some rats exposed
to 50 ppm. Exposure to 500 ppm caused a significant decrease in maternal body weight gain
and effects to the fetus, including decreased fetal body weight and litter weight and increased
skeletal anomalies. Skeletal anomalies reported in this study were consistent with those
reported in the preliminary reproductive toxicity study described above.

E. Identification of No-Observable-Adverse-Effect Level

Survey of the available toxicity data shows that only a small number of studjes assess
the potential toxic effects of MMP following short-term, repeat exposures. Review of these
limited studies shows that the study designed to investigate MMP toxicity at the lowest dose
levels is the main reproductive and developmental toxicity study. As described above,
damage to the developing fetus was demonstrated in pregnant rats exposed to at least 500
ppm (HRC 1993). The study also tested concentrations lower than 500 ppm (0, 5, and 50
ppm) and found no significant adverse effects in either dams or fetuses at 50 ppm or below.
Based on this study, 50 ppm is considered the maximum air concentration to which an
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individual may be exposed without experiencing adverse health effects of MMP and is
identified as the highest no-observable-adverse-effect level (NOAEL).

'
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III. DERIVATION OF PROPOSED OCCUPATIONAL EXPOSURE
LIMITS FOR METHYL-3-METHOXYPROPIONATE (MMP)

A. Methodology

When deriving exposure limits for occupational exposure to a chemical, the most
appropriate source of information is from human experience of exposure to the chemical.
For many chemicals that have been in commercial use for many years, the exposure limits
are based on such human data. For new chemicals, however, data from human exposure are
rarely available, and it becomes necessary to rely on data from experimental animal studies.
This is the case with MMP.

Deriving an exposure limit from experimental animal data involves two conservative
steps that tend to result in an exposure limit that is very protective of human health. The
first step involves identification of the most sensitive animal study. This is the study
showing effects at the lowest exposure level. The no-observable-adverse-effect level
(NOAEL) from that study represents an estimate of the threshold dose level below which
adverse effects are not expected to occur. Because the NOAEL represents a dose level at
which no adverse effects are seen, it is, by definition, below the experimental threshold dose.

This is the first conservative step.

The second conservative step involves application of one or more uncertainty or safety
factors to this exposure level. This is done because there is some uncertainty regarding the
relative sensitivity of humans and of the experimental animals in the study from which the
NOAEL was derived, and because there is some limitation in the sensitivity of the animal
studies because of the relatively small numbers of animals that can be studied. Because
regulatory agencies tend to err on the side of safety, it is normal regulatory practice to
assume that humans may be more sensitive than the experimental animals in the study from
~ which the NOAEL was derived.

Regulatory agencies in the United States, such as the Environmental Protection Agency
and the Food and Drug Administration have commonly used an uncertainty factor of 100-fold
when extrapolating from an animal NOAEL to an acceptable exposure level for the general
population. This 100-fold factor is commonly thought of as comprising two ten-fold factors,
one for extrapolating from the animals to the average human, and one to cover the possible
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range of differential sensitivity within the entire human population, including the very young,
the very old, and other unusually sensitive groups. For the reasons documented below,
however, such a large uncertainty factor is unnecessary in the context of occupational
exposure limits, and has generally not been applied in the past in setting occupational limits.

First, there is no reason to believe that humans are, in general, ten times more sensitive
than the most sensitive experimental animal species, particularly when the comparison is
based on the concentration of the substance in the air. Dourson and Stara (1983) have
suggested that humans may be more sensitive than rats by a factor of about six-fold when the
dose they receive is expressed on a mg/kg body weight scale. However, when exfiosed by
inhalation, rats receive a much higher dose of a chemical than do humans because of the
rats’ higher inhalation rate in relation to their body weight. When exposed to a chemical in
the air at a concentration of 1 mg/m?, a human will inhale about 10 mg of the chemical in an
8-hour work day, for a dose of 10/70 = 0.14 mg/kg. A rat, with a body weight of 300 g
and a minute volume of 0.225 liters/minute (Leong et al. 1964) would inhale a dose of:

0.225 (liters/min) x 60 (minfhr) x 8 (hr) _ 0.36 mglkg
1000 (liters/m?) x 0.3 (kg)

Thus, at the same air concentration, a rat would receive a dose 0.36/0.14 = 2.6-times higher
than a human. Even if a human were ten times more sensitive than a rat on a mg/kg basis,
he would be only 10/2.6 = about four-times more sensitive when compared on the basis of
the air concentration, and based on Dourson and Stara (1983), a human would be only
6/2.6 = 2.3-fold more sensitive. Hence an uncertainty factor of 4 is more than adequate for
interspecies extrapolation of an acceptable air concentration from rats to the average human.
In addition, the full range of potential human sensitivity is not represented imrthe
occupational setting because the work-force does not include the very young and the very
old. Hence, a smaller factor (perhaps five-fold) will provide adequate protection. Based on
a different argument, Calabrese and Gilbert (1993) also recently proposed that a factor of
five-fold is appropriate for inter-individual variability when extrapolating from animal data.
They noted that if the standard 10-fold factor is thought to represent the range of human
sensitivity from the most sensitive to the least sensitive, then the range from average human
sensitivity to the most sensitive would be half of this, or five-fold. As a result, a total
uncertainty factor of about 20-fold (4-fold from the average rat to the average human and 5-
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fold from the average human to the most sensitive human, or at least to the most sensitive
worker) will provide adequate protection of healthy workers when extrapolating from a rat
inhalation study.

B. Selection of NOAEL for Derivation of Time Weighted Average (TWA)
Exposure Limit

The proposed TWA exposure limit is based on a no-observed-adverse-effect level
(NOAEL) of 50 ppm for developmental toxicity in rats (HRC 1993). This represents the
most sensitive toxicity endpoint of those examined. In the study, rats were exposed to
concentrations of 0, 5, 50, or 500 ppm MMP by inhalation during days 6 through 15 of
pregnancy. A significant decrease in maternal body weight gain and effects on the fetus,
including decreased fetal body weight and litter weight and increased skeletal anomalies,
were observed at 500 ppm. No significant adverse effects were observed in pregnant rats or
fetuses exposed to SO ppm or below. Hair loss, red/brown facial staining, and a suggested
increase in water intake were observed in some rats exposed to 50 ppm, but these are not
considered to represent significant adverse effects. Therefore, the TWA exposure limit was
derived using 50 ppm as the highest NOAEL.

C. Derivation of Proposed TWA Exposure Limit

To derive a TWA exposure limit appropriate for occupational exposure eight hours per
day, the NOAEL concentration was adjusted by a factor of 6/8 because the rats were exposed
just 6 hours/day, and divided by an uncertainty factor of 20. The calculation is as follows:

NOAEL Concentration x Exposure Adjustment

TWA osure Limit
Ep Safety Factor

50 x 6/8
20

2 ppm

As discussed above, an uhcertainty factor of 20 is appropriate for the derivation of an
occupational exposure limit based on a rat inhalation study.
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Further support for the use of an uncertainty factor of 20 in the derivation of an
exposure limit for MMP comes from its reproductive and developmental toxicity relative to
glycol ethers. In a Federal Register notice on March 23, 1993, the OSHA proposed to lower
the permissible exposure limit (PEL) for two glycol ethers (2-ethoxyethanol, 2-EE and 2-
ethoxyethanol acetate, 2-EEA) from S ppm to 0.5 ppm (55 FR 15526-15632). The proposed
PEL for these glycol ethers also is based on a NOAEL of 50 ppm but OSHA proposed using
an uncertainty factor of 100 to derive the PEL. 2-EE and 2-EEA caused severe
developmental toxicity with no maternal toxicity at doses only slightly above the 50 ppm
NOAEL. MMP, however, caused only mild developmental effects and only at maternally
toxic doses. Hence, the reproductive and developmental effects of MMP are less serious
than those associated with exposure to 2-EE and 2-EEA and it is appropriate to use a smaller
uncertainty factor and derive a higher exposure limit for MMP than that proposed by OSHA
for 2-EE and 2-EEA.

D. Derivation of Short-Term Exposure Limit (STEL)

Insufficient data are available to support the independent derivation of a STEL for
MMP. The information indicating that MMP has irritant properties by all routes of exposure
(inhalation, oral and dermal) strongly suggests that a STEL would be useful to avoid irritant
reactions. In the absence of human studies, it is not possible to determine accurately what
the STEL should be to avoid irritation. Rather than derive an independent STEL based on
data on MMP itself, we have examined other chemicals that have had TWA exposure limits
(Threshold Limit Values, TLV-TWAs) and STELs assigned by the American Conference of
Governmental Industrial Hygienists (ACGIH) to determine what is the range of factors
separating the TLV-TWA and the STEL for substances with irritant properties (excluding
non-irritant substances like carbon dioxide and carbon monoxide that have a very wide
margin between the TLV-TWA and the STEL — 6-fold and 8-fold, respectively).- Based on
a review of current values, this range is 1.25-fold (e.g., 1,1-dichloroethane, ethyl benzene,
ethyl ether, heptane, isoamyl alcohol, methyl acetate) to 4-fold (e.g., perchloroethylene,
toluene-2,4-diisocyanate, trichloroethylene). Based on the range of values reported, and the
relatively low degree of irritancy of MMP, a factor of 2 seems appropriate for MMP, giving
a STEL of 2 X 2 = 4 ppm.
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APPENDIX A

Toxicological Studies for Methyl-3-Methoxypropionate
Provided by Showa Denko K.K.
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Jan Vandendriessche, Ph.D.
Vice President

JSR Electronics, [nc. PREVENTlgFNFfEEngcQEsW
725 North Pastoria Avenue ToXic SUBST S

Sunnyvale, California 94086

APR 1 2 1984

EPA acknowledges the receipt of information submitted by
your organization under Section 8(e) of the Toxic Substances
Control Act (TsScA). For your reference, copies of the first
page(s) of your submission(s) are enclosed and display the TSCA
§8 (e) Document Control Number (e.g., 8EHQ-00-0000 Initial)
assigned by EPA to your submission(s). Please cite this number
when submitting follow-up or supplemental information and refer

to the enclosure on the reverse side "EPA Information Requests".

All TSCA 8(e) submissions are placed in the public files
unless confidentiality is claimed according to the procedures
outlined in Part X of EPA's TSCA §8(e) policy statement (43 FR
11110, March 16, 1978). confidential submissions received
pursuant to the TSCA §8(e) compliance Audit Program (CAP) should
already contain information supporting confidentiality claims.
This information is required and should be submitted if not done
so previously. To substantiate claims, submit responses to the
questions in the enclosure nsupport Information for Confiden-
tiality Claims". This same enclosure is used to support
confidentiality claims for non-CAP submissions.

Please address any further correspondence with the Agency
related to this TSCA 8(e) submission to:

Document Processing Center (7407)

Attn: TSCA Section 8(e) Coordinator
office of Pollution Prevention and Toxics
U.S. Environmental Protection Agency
washington, D.C. 20460-0001

EPA looks forward to continued cooperation with your
organization in its ongoing efforts to evaluate and manage
potential risks posed by chemicals to health and the environment.

Sincerely, .

‘ Z)\ Terry R. O'Bryan
Risk Analysis Branch
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10) 8EHQ-0993-12427: Rank - low.

Chemical: Methyl-3-methoxypropionate (CAS# 3852—-09-3).

Review of toxicology data and derivation of occupational
exposure levels of methyl-3-methoxypropionate, Environ
Corp., Arlington VA, dated July 27, 1989: Negative for gene
mutations in the Salmonella typhimurium/mammalian microsomal
(Ames) assay.

Negative for chromosome mutations in Chinese hamster ovary
(CHO) cells in vitro.
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8(e)-12427A
LOW--Acute oral toxicity; acute inhalation toxicity; subacute inhalation toxicity; dermal irritation
MODERATE--ocular irritation

Acute oral toxicity. The oral LD50 for mice is 2300 mg/kg. The oral LDS0 for rats is 4900 mg/kg, with
signs of neurotoxicity including lethargy, poor muscular coordination, and hindlimb weakness in rats
exposed to 5000 mg/kg. Histopathology in rats showed necrotic lesions in the spinal cord and brain stem,
suggesting that neurological effects were secondary to reduced oxygen supply.

Acute inhalation toxicity. Acute inhalation LC50 for mice is 40 g/m3. The inhalation 6-hour LC50 for
rats is 2776 ppm (13.4 g/m3), with signs of neurotoxicity including lethargy, poor muscular coordination,
and hindlimb weakness in rats exposed to 1900 ppm and above.

Subacute inhalation toxicity. Rats exposed to 290-2945 ppm for 6 hours/day for 10 days showed
respiratory irritation at 945 ppm and above. Rats exposed to 1000 or 2000 ppm for 6 hours/day, 5
days/week for 4 weeks showed lethargy and respiratory irritation.

Ocular irritation. Ocular irritation in the rabbit is moderate based on moderate to severe irritation.

Dermal irritation. Dermal irritation in the rabbit is low based on mild irritation.




